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© Disclosed is a method and apparatus for mixing 
internally generated or stored video with an external 
video and driving an LCD display device. External 
video is clocked into a dual port external frame 
store. Internal video is either internally generated or 
read from an internal mass store device and stored 
in an internal frame store and in a preferred embodi- 
ment, the internal video data includes an embedded 
code which serves to select on a pixel by pixel basis 
the appropriate frame store signal, either external or 
internal for display on the LCD panel. By adjusting 
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the start number on row and column counters for 
reading out data from the external frame store, pan- 
ning of an external video image can be accom- 
plished. By repeating the readout of the external 
frame store selectively, a "zoom" of the image can 
be provided to an LCD display device. By reversing 
either the direction in which the external video is 
stored in the frame store or the direction in which 
columns of information are read out, the displayed 
image can be reversed permitting rear projection of 
an accurate image. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to video 
data processing techniques and specifically to a 
unique method and apparatus for merging internal 
stored or generated video with external video and 
for processing a resultant video for use in a projec- 
tion display system. 

2. Discussion of Prior Art 



The projection of computer generated images 
through use of liquid crystal display panels is well 
known in the art. See for example, Vogeley et al, 
U.S. Patent No. 4,976,536, issued on December 11, 
1990 and U.S. Patent No. 4,763,993, issued August 
16, 1988 and other patents cited therein. It is noted 
that video input signals can include a wide variety 
of input formats including VGA, EGA, CGA, Mac II, 
and a variety of other computer generated video 
signals, as well as real time motion video signals 
including NTSC, PAL, SECAM, and that provided 
by various VCR players are also available. 

These videos are clocked at a wide variety of 
frequencies and are in many different formats. It is 
sometimes required or desired that these videos be 
reformatted (double scanned, etc.), as discussed in 
U.S. Patent Application Serial No. 07/664,950, filed 
March 5, 1991, entitled "Method and Apparatus for 
Displaying RGB and Sync Video Without Auxiliary 
Frame Storage Memory", also by Vogeley et al. 

In providing video signals for projection, either 
by projection television techniques or more prefer- 
ably, by supply to a liquid crystal display (LCD) 
equipped projector, it is also desirable to provide 
independently generated video images. In the past 
such internally generated images were either 
merged with the external video source (overwritten) 
or independently viewed. Such internal video im- 
ages might be a menu, graphics or an actual video 
image retrieved from a local mass storage device 
such as a ROM or disc drive. While not essential, it 
is desired that the internal video be independent of 
processing applied to external video signals 
(panning, reformatting, zooming, etcetera). 

Generally LCD displays are clocked at a con- 
stant clock frequency which may be dramatically 
different from the clock frequency of the external 
video input or even an internally generated signal. 
Although video is generally projected directly upon 
a screen, it is also desirable to be able to provide 
an image reversal or a "mirror image** such that 
the video can be applied to a rear projection 
screen for front viewing. As previously noted, de- 
pending upon the LCD display chosen, the display 
clock frequency may vary from 30 hertz vertical 
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frame rate up to 100 hertz or higher. 

With regard to external and internal video, it is 
also desirable to be able to "zoom" or provide a 
magnified image of a limited portion of the com- 
5 plete video image and then to be able to "pan" the 
"zoomed" image to that specific portion of the 
nonzoomed ima^e which was of interest. Although 
generally image panning is associated with only a 
zoomed image, it is also desirable to be able to 

io pan a non-zoomed image so as to move a portion 
of an unzoomed image off of the screen, perhaps 
making room for a blanked-out portion of the 
screen suitable for writing in operator control video 
such as is described in U.S. Application Serial No. 

75 07/698,091, "Method and Apparatus for interacting 
With a Computer Generated Projected Image", 
filed May 10, 1991, also by Vogeley et al. 

While the above aspects of a video projection 
system are desirable, other than by means of a 

20 simple overwriting technique which permits user 
prompts or company logo displays, applicants 
know of no LCD projection apparatus which can 
provide a combination of external and internal vid- 
eo (in the manner of "windows" utilized in com- 

25 puter software systems), zooming, panning, or re- 
verse images for external or internal video whether 
reformatted or not. The advanced capabilities, such 
as internally generated graphics generation and/or 
image retrieval, that are entirely independent of a 

30 wide variety of incoming video signals, including 
both computer generated video and real time vid- 
eo, that can be overlayed or merged with incoming 
video and can be randomly edited has never been 
previously accomplished to the inventor's know!- 

35 edge. 

SUMMARY OF THE INVENTION 

In view of the above limitations of prior art 

40 video processing systems, it is an object of the 
present invention to provide a method and appara- 
tus for permitting the merging of externally and 
internally generated video such that selected por- 
tions of each can be simultaneously displayed. 

45 It is a further object of the present invention to 

provide a method and apparatus for the capability 
of "zooming" in order to magnify a portion of an 
existing video image. 

It is a still further object of the present inven- 

50 tion to provide a method and apparatus for 
"panning" vertically and horizontally with respect to 
an existing video image such that only a portion of 
that video image is provided on the display. 

It is an additional object of the present inven- 

55 tion to provide a method and apparatus for provid- 
ing reverse video to a display which is the mirror 
image of a conventional display. 

It is a further object to provide a method and 
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apparatus to permit graphics generation and/or im- 
age retrieval of an internal video signal and the 
combining with an external video signal to provide 
a display with selected portions of each video 
signal with the capability of providing panning, 
zooming, reformatting, reverse imaging as desired 
by a controller. 

The above and other objects are achieved by 
the present invention comprising the method of and 
apparatus for clocking external digital video input to 
a dual port external frame store. Internally gen- 
erated digital video is supplied to an internal frame 
store. The stored videos in both frame stores are 
stored at addresses corresponding to individual 
pixels in the output display. Both the external and 
internal frame stores are clocked to provide exter- 
nal and internal video output to a multiplexer. One 
of the external or internal digital video includes an 
additional bit which identifies whether external or 
internal video is to be elected. The multiplexer 
upon sensing this additional bit provides the se- 
lected external or internal video to the correspond- 
ing pixel on the LCD display. Because the external 
and/or internal frame store is a dual port store, 
video can be clocked into the storage at one clock 
rate and can be clocked out at the clock rate of the 
LCD display device. 

In a preferred embodiment, the external and/or 
internal video is stored in its corresponding frame 
storage by the utilization of input row and column 
counters where the column counter can be re- 
versed so that the video is stored essentially back- 
wards. When this video is then read out to the 
multiplexer (or directly to the display), a "reverse" 
image is formed. In a further preferred embodi- 
ment, the frame storage (external or internal) may 
be read out by row and column counters in which 
the column counters are read in reverse order in 
order to provide the "reversed" image display. 

Furthermore, by setting the input and/or output 
row and column counters at non zero numbers 
"panning" of the image can be achieved such that 
the video image at the display starts at a particular 
row and a particular column. "Zooming" of a par- 
ticular image or portion of image can be achieved 
by reading a particular column data bit out twice 
before moving to the next column data bit in a 
given row. The row would then be repeated in the 
same fashion so as to provide a square of four data 
bits from a previous single data bit. This would a 
two power zoom of the image. Greater or lesser 
repetitions could be provided to provide a greater 
or lesser zoom capability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the method and ap- 
paratus for merging internally stored or generated 



video with external video and for processing resul- 
tant video for use in a projection display system, 
may be had by reference to the accompanying 
drawings in which: 
5 FIGURE 1 is a block diagram illustrating the 

method and structure for merging external and 
internal video in accordance with the present 
invention; 

FIGURE 2 is a block diagram illustrating the 
70 method and apparatus for providing "pan", 

"zoom" and "reverse image" special effects to 
displayed video in accordance with the present 
invention; and 

FIGURE 3 is a block diagram illustrating a pre- 
75 ferred embodiment of the present invention 

which combines all described functional capabil- 
ities. 

BRIEF DESCRIPTION OF PREFERRED EMBODI- 
20 MENTS 



1 .Combination of External and Internal Video Inputs 



In Figure 1, a system for combining internal 

25 and externally supplied video is provided for run- 
ning display 10 which, in a preferred embodiment, 
is a thin film transistor liquid crystal display (LCD) 
system. This display system can be of the direct 
view type (in which the display is back-lit) or it can 

30 be one of several different projection systems in 
which the display is placed upon an overhead 
projector or is incorporated into a projector system 
for projection upon a viewing screen. External vid- 
eo is applied to the system and if, initially analog, 

35 is converted into a digital format by a suitable 
analog/digital converter. Although the term external 
video sync is used to describe the horizontal and 
vertical syncronization signal for the external video, 
this encompasses the usual case in which the 

40 horizontal and vertical syncronization signals are 
part of the analog or digital video as well as the 
situation in which they are physically or electrically 
separate signals. . 

The external video is supplied to external 

45 frame store 12. In a preferred embodiment, the 
external frame store is a dual port memory (data 
can be written into the memory in one port while 
data is read out of the memory by the other port). 
One example of a dual port memory is manufac- 

50 tured by Toshiba Electronics, Inc., Eastern Region, 
25 Mall Rd. 5th Floor, Burlington, Massachusetts, 
01803, Part No. TC524256, CMOS Multiport Mem- 
ory. Internally generated digital video is supplied to 
internal frame store 14 which can be a similar 

55 device. Alternatively, internal video can be gen- 
erated from an internal microprocessor (not shown) 
or read from a mass storage device by an internal 
microprocessor (not showr.). 
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Controller 16 provides a display sync signal 
which synchronizes the reading out of video stored 
in the frame stores as well as operation of display 
10. The display sync signal serves to synchronize 
both frame stores with each other and with display 
10. Controller 16 also provides an address which 
causes data stored in the external frame store 12 
to be read out as external video and data stored in 
the internal frame store at the address to be read 
out as internal video. It should be noted that al- 
though substantially different data may be con- 
tained in the external and internal video outputs 
from the external and internal frame stores respec- 
tively, each video bit output is caused by providing 
the same address input to both the external and 
internal frame stores. 

A separate output is indicated from controller 
16 to preferably internal frame store 14 but alter- 
natively (by means of phantom line arrow) to exter- 
nal frame store 12. This additional controller output 
is actually a portion of the display sync signal itself 
and serves to indicate to multiplexer 18 whether 
external video input or internal video input to the 
multiplexer is to be provided as an output to the 
display 10. Therefore, depending upon whether ex- 
ternal video or internal video is enabled, each pixel 
of display 10 will receive the chosen external video 
or internal video bit. Thus, the output from mul- 
tiplexer 18 is labelled compound video although 
this is meant to indicate video which can be either 
external or internal although it generally is not a 
combination of both. 

While some embodiments of the FIGURE 1 
device might utilize the fourth bit of a four bit data 
word output from internal video store to indicate to 
multiplexer 18 whether internal or external video is 
to be selected, this would prevent a four bit data 
word from representing any more than seven sepa- 
rate colors because the eighth through fifteenth 
colors would involve operation of the fourth bit, 
thereby precluding its use from indicating more 
than seven separate colors. However, because a 
four bit data word can indicate fifteen different 
colors with the number 15 being decoded by the 
multiplexer to indicate that the external video is to 
be selected (in the case the internal video is the 
video controlled by controller 16). Thus, twice as 
many colors can be included with video data as 
long as multiplexer 18 includes a decoder 1or de- 
coding the number which indicates which of the 
internal or external videos is to be supplied to the 
display at the pixel. 

In accordance with the above, it can be seen 
that with controller 16, any combination or variation 
of external or internal video signals can be pro- 
vided to display 10. Regardless of the clock rate at 
which external and/or internal video is stored in the 
dual port memories, the data word at each pixel is 
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simultaneously clocked out of the external and in- 
ternal store and sent to the multiplexer where the 
appropriate video (external or internal) is selected 
for the display pixel which has been addressed by 

5 the controller 16. The characteristic of the dual port 
memory permits information to be read into the 
memory simultaneously with information being read 
out of the memory at differing clock rates. Thus, 
appropriate "windows", "split screen" and other 

to video techniques can be applied by controller 16 
and its synchronous addressing of the external and 
internal frame stores 12 and 14, respectively. 

In a preferred embodiment, the internal frame 
store would be provided information at the display 

75 sync frequency such that internal frame store 14 
would not have to be a separate dual port memory 
but indeed could be a single port memory which is 
periodically updated. Alternatively, internal frame 
store 14 could be an internal microprocessor video 

20 generator or a mass storage device which provides 
internal video output when clocked by the display 
sync signal from controller 16. 

2. "Pan" and "Zoom" Video Control 

25 

FIGURE 2 is a block diagram illustrating the 
method and apparatus for "pan" and "zoom" im- 
age controls. "Pan" control is defined as beginning 
a video image at a point displaced either horizon- 

30 tally and/or vertically from the normal starting point 
of a video image. "Zoom" is defined as a dis- 
played video image which is larger or magnified 
with respect to a conventional video image applied 
to a display. As used herein, "zoom" will generally 

35 mean enlargements of an existing image by a 
power of two, i.e., two power, four power, eight 
power, etc. 

Video is supplied to a dual port frame storage 
22 and the video can be either external or internal 

40 as previously discussed. Thus, frame storage 22 
has, at various addresses located therein, data 
from the digital video input which may be contin- 
ually updated if desired. Controller 24 provides a 
control signal to separate output row and column 

45 counters indicated generally as block 26. In order 
to "pan" so that the display image has a different 
horizontal and vertical reference from the video 
input, controller 24 sets the initial number in each 
row and column counter in the row and column 

so counters 26 with the result that the counters then 
access the data at that address in frame storage 22 
which is then read out to display 10. 

Similarly, in order to "zoom", the controller 24 
would cause the same column address in frame 

55 storage 22 to be read out twice before moving to 
the next column in a given row. Similarly, each row 
would be read out twice before going on to the 
next row. As a consequence, display 10 would 

4 
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display only one-fourth of the video contained in 
frame storage 22. As long as no "panning" was 
involved, display 10 would display the first half of 
the video data represented by the video data 
stored in the addresses of the first half of the rows 
and first half of the columns addressed by the row 
and column counters 26. However, the image at 
display 10 would be twice as large since each pixel 
in the frame store would actually be displayed four 
times (twice horizontally and twice vertically). 

If it were desirable to both "pan" and "zoom", 
controller 24 would merely set the row and column 
counters to the predetermined address which was 
to be displayed (as in "panning" above) and then 
each column (and its adjacent column) would have 
its data repeated twice in a row and then each row 
would be repeated before moving on to the next 
subsequent row. Thus, by controlling the starting 
point of the rows and columns, a video input can 
be panned to examine a specific portion thereof. 
By zooming at that portion, a closer look may be 
had where the closer look can be two, four, eight or 
more times the image originally displayed. 

While the "pan" and "zoom" embodiment is 
disclosed in which controller 24 resets the count in 
the separate row and column counters that pro- 
vides the address of data to be read out of the 
frame storage 22, the controller could also change 
the input where video data is stored as it is read 
into frame storage 22 (and therefore controller 24 
would control the input row and column counters 
28). Accordingly, in the case of panning, the row 
and column counters would be incremented or 
decremented to the desired position for the begin- 
ning of the video to be read out so that as the 
frame storage 22 is accessed, there will be a 
horizontal and/or vertical difference between the 
video stored in the frame storage 22 and the video 
actually displayed on display 10. 

In the event zooming is to be accomplished, 
video data input into the frame storage 22 would be 
stored at multiple addresses (in the case of a two 
power zoom, each input data bit would be stored at 
four separate addresses comprising two adjacent 
rows and two adjacent columns). Thus, when the 
stored video is read out in conventional fashion to 
the display, it would provide the same input video 
bit to four adjacent pixels on display 10, thus 
providing the two power zoomed image. 

It is to be noted that with respect to both 
FIGURE 1 and FIGURE 2 embodiments, horizontal 
and vertical sync signals are provided by the con- 
troller 16 and 24, respectively, in order to maintain 
synchronism between video output from the stor- 
age devices and the display devices so as to 
provide a proper image. 

3.lmage Reversal 



As previously noted, it is advantageous to be 
able to provide a "reverse" video output capability 
so that if display 10 is a rear-projection display 
system (as in the low stress work station discussed 

5 in U.S. Patent Nos. 4,976,536 and 4,763,993 noted 
above) an appropriate video signal can be sup- 
plied. This image reversal is quite simply provided 
in the FIGURE 2 embodiment by reversing the 
column count as video is stored in frame storage 

70 22 or reversing the column count as in the output 
row is read out of the column counters 26 so that 
the video stored in the frame storage 22 is read out 
"backwards". 

It is noted that in the preceding embodiment 

15 one would not generally reverse the "row" coun- 
ters, although this could also be done if it were 
desirable to "flip" the image top to bottom in the 
event an additional optical transformation were be- 
ing used. The above image reversal could be in- 

20 dependent or combined with the pan and/or zoom 
capabilities as well. In a preferred embodiment, the 
input row in column counters 28 would have their 
column counters reversed and the output row in 
column counters 26 would be dedicated to "pan" 

25 and "zoom" special effects. 

4. Combination of Preferred Embodiments 

FIGURE 3 illustrates a block diagram of a 
30 preferred embodiment which accomplishes all 
three of the above embodiment discussed with 
respect to FIGURES 1 and 2. 

As previously discussed, external video is ap- 
plied to A to D converter 30, if necessary, to 
35 convert to digital form. The digital video information 
is applied to one port of the external frame mem- 
ory storage 12. The external video sync is applied 
to an input row counter 32 which supplies an 
output to the external frame storage memory 12. 
40 The external video sync is also applied to an input 
column counter 34 which is normally set at zero in 
order to count up but if the "rear project" control 
line is enabled it will start at a preset high number 
and count down to permit "reverse" image projec- 
ts tion as previously discussed. 

The output of the input column counter 34 is 
also applied to the external frame store memory. 
Operator command inputs are provided to receiver 
36 which causes microprocessor controller 38 to 
50 access programs store 40 in order to generate an 
internal video output or to access mass store 42 to 
generate a stored internal video output. The inter- 
nal video from microprocessor 38 is supplied to 
graphics chip controller 44 which in a preferred 
55 embodiment is available from Oak Technology, In- 
corporated, 139 Kifer Court, Sunnyvale, California, 
94086, Part No. OTI-067. 

The graphics chip controller 44 is memory 
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mapped into the microprocessor controller's mem- 
ory space so that the microprocessor controller can 
transfer the internal video data to the graphics 
controller chip by performing simple memory 
"write" operations. This internal video data is 
stored through the graphics chip controller in the 
internal frame store memory 46. In the illustrated 
embodiment, as data is sent to the graphics chip 
controller, the microprocessor controller provides 
an embedded coding such as dedicating number 
fifteen on a four bit data word which serves to 
select (as discussed with reference to FIGURE 1) 
on a pixel by pixel basis and in real time, the 
appropriate frame store (external frame store mem- 
ory 12 or internal frame store memory 46) for 
display by the LCD display 10. 

It is to be noted that the graphics chip control- 
ler provides internal data directly to the data mul- 
tiplexer 50 and in a preferred embodiment each 
data includes an embedded code to enable data 
multiplexer to select external or internal data for 
display. An internal data output is also supplied to 
decoder 52 which supplies a multiplexer select 
input to the data multiplexer 50 instructing the 
multiplexer to select either internal data or external 
data because such data is simultaneously supplied 
to the data multiplexer 50. 

The graphics chip controller also supplies a 
display sync output (identified in FIGURE 3 as 
internal video clock and syncs) to the display 10, to 
the data multiplexer 50, to the output row and 
output column counters 26 and an output data 
clock control 54. 

Microprocessor controller 38 provides a "pan" 
control signal to the output row and column coun- 
ters 26 which operate in the manner discussed with 
reference to FIGURE 2. Microprocessor controller 
38 also provides a zoom control output which is 
also a separate input to the output row and column 
counter 26 as well as output data clock control 54 
and operates in the same manner discussed with 
reference to FIGURE 2. Output data clock control 
54 serves to control the read-out of data from 
external frame store memory 12 at normal speed 
or at i or i speed for 2x or 4x zoom, respectively, 
while at the same time clocks output row and 
column counters 26 to send addresses to external 
frame store 12. 

As noted above, the dual port memory utilized 
as the external frame store 12 provides for in- 
dependent port clocks. This allows the external 
video to be reclocked at the internal video clock 
rate for the LCD display in a preferred embodi- 
ment. This LCD clock rate is fully controllable and 
is independent of the external clock, i.e., the exter- 
nal video sync. As discussed above, this permits a 
high degree of flexibility in terms of utilization of 
input signals as well as panel drive. 
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The internal and external videos may be re- 
versed independently to support rear projection, 
although typically both images would be reversed 
together. The external video is reversed as noted 

5 above as it is stored in the frame store by revers- 
ing the count direction for the input column ad- 
dress counter 34. This loadable up/down counter 
serves as a storage pointer for the frame store and 
the count can be reversed by changing the control 

70 line from low to high, i.e., the "rear project" control 
from microprocessor controller 38. A typical coun- 
ter could be obtained from Texas Instruments, In- 
corporated, P.O. Box 655012, Dallas, Texas 75265, 
Part No. 74LS169. 

75 The internal video can be reversed by the 

microprocessor controller 38 as it is stored through 
graphics chip controller 44 into the internal frame 
store 46. When using character generated graphics 
by means of program store 40, the reversal is done 

20 by redefining the graphics controller's character 
generator lookup table. This permits fast and easy 
screen control even when the display is backwards. 

The independent panning and zooming of the 
two videos is as follows. For the external video 

25 system, panning and zooming are performed pref- 
erably as data is read from the external video 
frame store 12. Zooming, as discussed above, is 
achieved by adjusting the output data clock 54 and 
by manipulating the output memory row address 

30 counter in output row and column counters 26. 
When blowing the image up by a factor of 2, output 
data clock 54 would be slowed up to one-half its 
non-zoom frequency. Since data would now be 
coming out of the external frame store 12 at one- 

35 half the non-zooming frequency, data which had 
taken up one pixel on the panel previously would 
now take up a space two pixels wide. Data is made 
twice as tall on the LCD panel by incrementing the 
output row counter at one-half the frequency so 

40 that each row of data is sent to the panel twice. 
The horizontal and vertical sync signals from the 
graphics chip controller 44 ensure that the data is 
properly applied to the LCD display. 

Panning of the external video system is 

45 achieved by adjusting the initial address loaded 
into the output column counter 26 in the external 
frame store 12 and by adjusting the output row and 
column address counters in the output row and 
column counters 26. The output row and column 

so counters 26 have a loadable counter such as is 
available from Texas Instruments, Incorporated, 
Part No. 74LS163, which can be programmed to 
start from any count. In order to move the image 
ten pixels to the left and five pixels up the initial 

55 column address in the output row and column 
address counters 26 would be ten greater than it 
had been before and the start count of its output 
row of address counter would be five greater than it 

6 
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had been before. 

For the internal video system, panning and 
zooming are performed directly by the micropro- 
cessor prior to being stored in the internal frame 
store 46 thus simplifying operation. 

In accordance with the above, many modifica- 
tions and adaptations of the present invention will 
be readily obvious to those of ordinary skill in the 
art. Different microprocessors, controllers, program 
store; mass store, graphics chip controllers, internal 
and external frame stores, counters, data multiplex- 
ers and displays could be utilized. Those of or-, 
dinary skill in the art will recognize that the inter- 
relationship of these elements could be modified as 
previously suggested with respect to FIGURES 1 
and 2 without departing from the spirit of the 
present invention. 

Therefore, while the present specification is by 
way of example only and describes preferred em- 
bodiments of the present invention, the invention is 
not so limited and is only limited by the claims 
appended hereto. 



video sync signal, said method comprising the 
steps of: 

clocking said digital video into a dual port 
frame storage by means of said video sync 

5 signal at predetermined row and column ad- 

dress locations, where said predetermined row 
and column address locations are related to 
rows and columns of said display device; and 
clocking said video out of said external 

w frame storage and into said display by means 

of a display sync signal and arrow and column 
counter, where said row and column counter is 
controlled by a controller which establishes a 
beginning row and column address dependant 

75 upon the portion of the digital video to which 

the display device is to be "panned" and 
which repeats each address a predetermined 
number of times for a respective row and 
column, until the end of a respective row and 

20 column of the display device is reached, said 

predetermined number of times dependant 
upon the amount of "zoom" desired- 



Claims 

1. A method of mixing independently generated 
internal video with external video to provide a 
compound video signal to a display device, 
where said external video is supplied with an 
external sync signal and said internal video is 
a stored video read out of storage with an 
internal video sync signal or an internally gen- 
erated video provided with an internal video 
sync signal, said method comprising the steps 
of: 

clocking said external video into a dual 
port external frame storage by means of said 
external sync signal; 

clocking said internal video into an internal 
frame store memory; 

clocking said external video out of said 
external frame storage and into a data mul- 
tiplexer by means of a display sync signal; 

clocking said internal video out of said 
internal frame store memory and into said data 
multiplexer by means of said display sync 
signal; 

controlling said data multiplexer so as to 
choose and pass desired portions of said inter- 
nal video and said external video forming a 
compound video signal provided to said dis- 
play device by means of said display sync 
signal. 

2. A method of processing a digital video signal 
to provide a "pan" and "zoom" capability for 
video signals supplied to a display device, 
where said digital video is supplied with an 



3. A method of processing a digital video signal 
25 to provide a reverse or "mirror" image capabil- 
ity for video signals supplied to a display de- 
vice, where said digital video is supplied with a 
video sync signal, said method comprising the 
steps of: 

30 clocking said digital video into a dual port 

frame storage by means of said video sync 
signal at row address locations related to rows 
of said display device and at column address 
locations related to one of (a) a reverse of 

35 address locations related to column locations 

of said display device device and (b) locations 
related to column locations of said display 
device; 

setting a beginning row and column ad- 
40 dress in an output row and column counter 

means, where a beginning row address is re- 
lated to a beginning row on said display device 
and a beginning column address is related to 
the other of said (a) reverse of locations re- 
45 lated to column locations on said display de- 

vice and (b) locations related to column loca- 
tions on said display device; and 

clocking said stored digital video out of 
said dual port frame storage and into said 
so display device. 

4. A method of mixing independently generated 
internal digital video with external digital video 
to provide a compound video signal to a dis- 
ss play device, including providing a "pan", 

"zoom" and reverse or "mirror" image capabil- 
ity for digital video signals supplied to a dis- 
play device, where said external digital video is 
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supplied with an external sync signal and said 
internal digital video is a stored video read out 
of storage with an internal video sync signal or 
an internally generated video provided with an 
internal video sync signal, said method com- 5 
prising the steps of: 

clocking, by means of said external sync 
signal, said external digital video into a dual 
port external frame storage at predetermined 
row and column address locations where said io 
predetermined row and column address loca- 
tions are related to rows and columns of said 
display device, said row address locations re- 
lated to rows of said display device and said 
column address locations are related to one of is 

(a) a reverse of address locations related to 
column locations of said display device and 

(b) locations related to column locations of said 
display device; 

clocking said internal video into an internal 20 
frame store memory; 

determining whether a reverse image is 
required and, if so, setting a beginning row and 
column address in an output row and column 
counter means, where a beginning row ad- 25 
dress is related to a beginning row on said 
display device and a beginning column ad- 
dress is related to the other of said (a) reverse 
of locations related to column locations on said 6. 
display device device and (b) locations related 30 
to column locations on said display device 
device; 

clocking said video out of said external 
frame storage and into a data multiplexer by 
means of a display sync signal and a row and 35 
column counter, where said row and column 
counter is controlled by a controller which es- 
tablishes a beginning row and column address 
dependant upon the portion of the digital video 
to which the display device is to be "panned" 40 
and which repeats each address a predeter- 
mined number of times for a respective row 
and column, until the end of a respective row 
and column of the display device is reached, 
said predetermined number of times depen- 45 
dant upon the amount of "zoom" desired; 

clocking said internal video out of said 
internal frame store memory and into said data 
multiplexer by means of said display sync 
signal; and so 

controlling said data multiplexer so as to 
choose and pass desired portions of said inter- 
nal video and said external video forming a 
compound video signal provided to said dis- 
play device by means of said display sync 55 
signal. 

5. An apparatus for mixing independently gen- 



erated internal video with external video to 
provide a compound video signal to a display 
device, where said external video includes an 
external sync signal and said internal video is 
a stored video read out of storage with an 
internal video sync signal or an internally gen- 
erated video provided with an internal video 
sync signal, said apparatus comprising: 

a dual port external frame store memory; 

external sync signal means for clocking 
said external video into said dual port external 
frame storage; 

internal frame store memory; 

means for clocking said internal video into 
said internal frame store memory; 

data multiplexer; 

display sync signal means for clocking 
said external video out of said external frame 
storage and for clocking said internal video out 
of said internal frame store memory and into 
said data multiplexer by means of a display 
sync signal, said data multiplexer comprising 
means, responsive to said display sync signal, 
for passing desired portions of said internal 
video and said external video thereby forming 
a compound video signal output to said display 
device 

An apparatus for processing a digital video 
signal to provide a "pan" and "zoom" capabil- 
ity for video signals supplied to a display de- 
vice, where said digital video is supplied with 
an video sync signal, said apparatus compris- 
ing: 

a dual port frame store; 

sync signal means for clocking said digital 
video into said dual port frame store at row 
and column address locations, where said row 
and column address locations are related to 
rows and columns of said display device; 

row and column counter means, respon- 
sive to a controller means, for clocking said 
digital video out of said frame storage and into 
said display device; and 

said controller means comprising a means 
for generating a display sync signal, said con- 
troller means including a means for setting a 
beginning row and column address for said 
row and column counter means, said begin- 
ning row and column address dependant upon 
a portion of said digital video to which the 
display device is to be "panned", said control- 
ler means including a means for repeating 
each row and column address a predetermined 
number of times until the end of a respective 
row and column of the display device is 
reached, said predetermined number of times 
dependant upon the amount of "zoom" de- 
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sired. 

7. An apparatus for processing a digital video 
signal to provide a reverse or "mirror" image 
capability for video signals supplied to a dis- 5 
play device, where said digital video is sup- 
plied with a video sync signal, said apparatus 
comprising: 

dual port frame storage means for storing 
digital video at row and column address loca- 70 
tions; 

input row and column counter means, re- 
sponsive to said sync signal, for clocking said 
digital video into said dual port frame storage 
means at row address locations related to rows 75 
of said display device and said column ad- 
dress locations related to one of (a) a reverse 
of locations related to column locations of said 
display device and (b) locations related to col- 
umn locations of said display device; 20 

output row and column counter means, 
responsive to a display sync signal and a 
controller means, for clocking said digital video 
out of said frame storage means and into said 
display device; and 25 

controller means for setting a beginning 
row and column address in said output row 
and column counter means, where a beginning 
row address is related to a beginning row on 
said display device and a beginning column 30 
address is related to the other of said (a) 
reverse of locations related to column locations 
on said display device and (b) locations related 
to column locations on said display device. 

35 

8. An apparatus for mixing independently gen- 
erated internal digital video with external digital 
video to provide a compound video signal to a 
display device and to provide a "pan", "zoom" 

and a "mirror" or reverse image capability to 40 
said compound video signal, where said exter- 
nal digital video includes an external sync sig- 
nal and said internal digital video is a stored 
video read out of storage with an internal video 
sync signal or an internally generated video 45 
provided with an internal video sync signal, 
said apparatus comprising: 

a dual port external frame store memory 
means for storing digital video at row and 
column address locations; 50 

input row and column counter means, re- 
sponsive to said external sync signal, for cloc- 
king said digital video into said dual port frame 
storage means at row address locations related 
to rows of said display device and said column 55 
address locations related to one of (a) a re- 
verse of locations related to column locations 
of said display device device and (b) locations 



related to column locations of said display 
device; 

internal frame store memory; 

means for clocking said internal digital vid- 
eo into said internal frame store memory; 

data multiplexer means, responsive to a 
display sync signal, for passing desired por- 
tions of said internal video and said external 
video thereby forming a compound video sig- 
nal output to said display device; 

output row and column counter means, 
responsive to a display sync signal and a 
controller means, for clocking said digital video 
out of said externa! frame storage means and 
into said data multiplexer; and 

controller means for clocking said internal 
video out of said internal frame store memory 
and into said data multiplexer by means of a 
display sync signal, said controller means in- 
cluding means for generating a display sync 
signal, said controller means including a 
means for setting a beginning row and column 
address for said output row and column coun- 
ter means, said beginning row and column 
address dependent upon a portion of said digi- 
tal video to which the display device is to be 
"panned", said controller means including a 
means for repeating each row and column 
address a predetermined number of times until 
the end of a respective row and column of the 
display device is reached, said predetermined 
number of times dependent upon the amount 
of "zoom" desired, where said beginning row 
address is related to a beginning row on said 
display device and said beginning column ad- 
dress is related to the other of said (a) reverse 
of locations related to column locations on said 
display device and (b) locations related to col- 
umn locations on said display device. 

9. An apparatus for mixing independently gen- 
erated internal digital video with external digital 
video to provide a compound video signal to a 
display device and to provide a "pan", "zoom" 
and a "mirror" or reverse image capability to 
said compound video signal, where said exter- 
nal digital video includes an external sync sig- 
nal and said internal digital video is a stored 
video read out of storage with an internal video 
sync signal or an internally generated video 
provided with an internal video sync signal, 
said apparatus comprising: 

an input row and column counter means, 
responsive to said external sync signal and a 
reverse image control signal, for generating 
row and column address outputs to a dual port 
external frame store memory means, said row 
address locations related to rows of said dis- 
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play device and said column address locations 
related to a reverse of locations related to 
column locations of said display device when 
said reverse image control signal is present 
and locations related to column locations of 5 
said display device when said reverse image 
control signal is not present; 

a dual port external frame store memory 
means, responsive to said input row and col- 
umn counter, for storing external digital video w 
at said generated row and column address 
locations; 

at least one of an internal digital video 
generator and an internal digital video mass 
storage means; 75 

microprocessor controller means, respon- 
sive to an operator input, (a) for transmitting 
said reverse image control signal to said input 
row and column counter means, (b) for trans- 
mitting a "zoom" control output indicative of a 20 
desired amount of "zoom", (c) for accessing at 
least one of said internal video generator and 
internal video storage and for providing an 
internal digital video output, said internal digital 
video output including an external/internal se- 25 
lection code, and (d) for setting a beginning 
row and column address for an output row and 
column counter means by means of a "pan" 
control signal, said beginning row and column 
address dependant upon a portion of said digi- 30 
tal video to which the display device is to be 
"panned"; 

internal frame store memory means for 
storing digital internal video at row and column 
address locations related to rows and columns 35 
of said display device; 

graphics chip controller means, responsive 
to said microprocessor controller means inter- 
nal video output, (a) for supplying said internal 
video output to row and column address loca- aq 
tions in said internal frame store memory 
means, (b) for reading out stored internal digi- 
tal video from said internal frame storage 
means, and (c) for providing a display sync 
signal; 45 

decoder means, responsive to said internal 
video output from said graphics chip controller 
means, for providing an external/internal digital 
video select signal; 

data multiplexer means, responsive to (a) a 50 
display sync signal, (b) said external/internal 
digital video select signal, (c) said internal digi- 
tal video from said graphics chip controller 
means, (d) said external digital video from said 
external frame store, for passing selected por- 55 
tions of said internal digital video and said 
external digital video to said display device 
thereby forming a compound digital video sig- 



nal output; 

output row and column counter means, 
responsive to said display sync signal, a 
slowed sync signal, said "pan" control signal, 
and said "zoom" control signal, for setting row 
and column addresses for clocking said digital 
video out of said external frame storage means 
and into said data multiplexer, where a begin- 
ning output row and column address is related 
to a beginning row and column address on 
said display device; 

output data clock control means, respon- 
sive to said display sync signal and said 
"zoom" control signal, for providing a slowed 
sync signal to said output row and column 
counter means and to said external frame store 
memory means, said slowed sync signal 
slowed 1/x where x is an integer corresponding 
to a desired amount of "zoom", said output 
row and column counter means including 
means for advancing the count of row and 
column addresses by said slowed sync signal 
while reading out external digital video data 
from row and column address locations in said 
external frame store memory means synchro- 
nized with said display sync signal, until the 
end of a respective row and column of the 
display device is reached. 
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© Disclosed is a method and apparatus for mixing 
internally generated or stored video with an external 
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plished. By repeating the readout of the external 
frame store selectively, a "zoom" of the image can 
be provided to an LCD display device. By reversing 
either the direction in which the external video is 
stored in the frame store or the direction in which 
columns of information are read out the displayed 
image can be reversed permitting rear projection of 
an accurate image. 
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